Is it possible for discrete-event simulation to be used in a facilitated workshop environment?
Introduction
Over the last decade there has been some interest in the use of discrete-event simulation as a tool for use in facilitated modelling. The key idea is to move away from the traditional mode of simulation use where much of the work is performed by the simulation modeller in the 'backoffice'. Instead, the aim is to involve the client much more deeply in the simulation work.
Greater stakeholder engagement is seen as a means for improving the information flow from the client to the modeller and vice versa, ultimately leading to a better quality of model and a greater chance of a successful outcome. In particular, it is suggested that client involvement increases the credibility of the work and so the likelihood that the findings of the study will be implemented. This might be seen as a natural extension of Churchman and Schainblatt's (1965) mutual understanding position, which at the time was a vision of how to improve implementation success.
Since the time of Churchman and Schainblatt there have been many developments in discreteevent simulation, largely in line with developments in computing (Robinson, 2005) . In particular, visual interactive modelling systems, which appeared in the 1980s, have facilitated closer engagement between the client and the modeller (Pidd, 2004) . Alongside these developments, we have seen the emergence of problem structuring methods that lend themselves directly to a facilitated modelling approach; for examples see Rosenhead and Mingers (2001) . Some have sought to draw on these developments to create a facilitated modelling approach that uses discrete-event simulation.
In this paper, we ask whether it is really possible to perform facilitated modelling using discrete-event simulation. In doing so we develop an understanding of facilitated modelling and particularly focus on previous work on facilitated modelling with simulation. We then describe a case example in which simulation is used in a 'facilitated' mode as part of a lean improvement workshop in a hospital setting. This case, as well as previous work, provides the basis for asking whether a facilitated modelling approach with simulation has really been achieved yet. We conclude by identifying that there needs to be a reduction in the complexity of a model and greater engagement and involvement of the client to develop a fully facilitated approach. Franco and Montibeller (2010) discuss in detail the role of facilitated modelling in operational research. Facilitated modelling is contrasted with the traditional approach to operational research interventions, described as 'expert mode'. In expert mode the modeller aims to provide an objective analysis of the problem situation and to identify optimal, or at least good, courses of action. A key characteristic of expert mode is that much of the work, which may require detailed data analysis and model coding, is carried out without the client being present; it is, of course, recommended that there are regular meetings with the client.
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Facilitated Modelling and Simulation
According to Franco and Montibeller, although expert mode has been employed successfully on many problem situations, it is not always appropriate, for instance, when there is a lack of agreement on the nature of the problem situation and where there are multiple stakeholders with conflicting perspectives and objectives. The mode of facilitated modelling aims to address these shortcomings, primarily by the modeller working jointly with the client for the whole of the modelling intervention. The expert mode assumes that problems are real entities, the analysis needs to be objective, clients want optimal solutions, and implementation follows from scientifically rigorous work. In contrast, facilitated mode takes the perspective that problems are socially constructed, subjectivity is inevitable, clients want satisficing solutions, and implementation is enhanced by participation in the study.
The facilitated mode might be seen as synonymous with soft methodologies or problem structuring methods such as soft systems methodology (Checkland, 1981) or strategic options development and analysis (Ackerman and Eden, 2010) . Clearly, such approaches lend themselves well to fully involving the clients in the work; indeed, they may even require full client engagement. Where the facilitated mode seems less applicable is when we move to 'harder' methods such as discrete-event simulation and optimisation. In general these methods require complex models and detailed data, and aim to provide an objective analysis leading to optimal (or good) solutions. These characteristics are an anathema to facilitated modelling and require much of the modelling work to be carried out in the 'back-office'.
System dynamics, however, provides an example of using a mathematically based technique in a facilitated mode. Early work in system dynamics recognised the need to involve the clients 4 in the modelling, but it was in the 1990s that parallel activities in Europe and the USA developed the idea of group model building. Vennix (1995 Vennix ( , 1996 used the term group model building to refer to the construction of a system dynamics model whilst working directly with a group of clients; here 'learning teams' are created in which people learn from each other to generate a shared perspective. At a similar time, Richardson and Andersen (1995) were developing system dynamics models through facilitated workshops with computer projection.
There are many examples of system dynamics models being developed using the group model building approach, for instance, for business development , for new housing development and urban renewal (Eskinasi et al, 2009 ) and for integrated sustainability assessments (Videira et al, 2010) . Alongside these case studies, there has been a continuing focus on methodological developments, drawing upon the accumulated experience of many years of case study work Rouwette, 2011) .
Although system dynamics is a simulation approach with mathematical underpinnings, its underlying assumptions and methodology are quite different to those of discrete-event simulation (Tako and Robinson, 2010) . As a result, ideas developed in the one field may not be directly transferable to the other.
It only requires a cursory investigation of the discrete-event simulation field to recognise that, as expected, the dominant modus operandi is the expert mode. Key simulation texts discuss the life-cycle of a simulation study (Banks et al, 2005; Law, 2007; Robinson, 2004) . They all recognise the need for regular client contact, but in doing so assume that much of the modelling and analytical work will be carried out without the client being present. Robinson (2002) identifies the dominant modes of simulation practice in business and military simulation as a 'process of organisational change' and 'software engineering' respectively; the latter particularly requiring only very limited client involvement for many elements of the work. Pidd and Robinson (2007) extend this framework, but still identify the dominant approach to simulation as being software engineering or visual interactive modelling, neither of which requires continuous client involvement.
However, Robinson (2002) and Pidd and Robinson (2007) both recognise the potential for simulation to be used in a facilitated mode. The later paper splits this into two possibilities: model development through participative modelling and a facilitative approach to using (or experimenting with) the model. The key facets of simulation in facilitated mode are to develop an understanding of, and provoke debate about, the problem situation through the use of a quick-and-dirty model that is thrown away at the end of the intervention. The model is judged not so much on its accuracy, but on its usefulness for promoting debate and generating understanding. The modelling process itself is highly iterative, moving backwards and forwards between conceptualising the model, model coding and experimentation with the model. The clients are highly involved throughout the modelling process and as such might be better referred to as 'actors'. The prime skill of the modeller is not so much in software development or even modelling, but in managing the facilitated process.
Examples of simulation being used in facilitated mode have been reported in the literature.
Possibly the earliest example is Robinson (2001) where he develops and uses a simulation to investigate the improvement of a university information systems user support help desk. The modelling started in expert mode, but due to a lack of good quality data, the simulation could not be used for objective analysis. As a result, the author ran a facilitated session with the clients in which the model was used to understand the functioning of the helpdesk and to debate possible improvements. The ideas that were generated were tested by changing and running the simulation model during the facilitated session in order to obtain an indication of whether they were likely to lead to an improvement. Adamides and Karacapilidis (2006) describe a methodology for collaborative business process modelling that involves a facilitated approach for generating a process map and reporting the results of a simulated version of that map. They develop a web-based information system through which multiple stakeholders can interact and collaboratively create the process map.
The simulation itself is developed off-line by an expert modeller. The results of model runs are then reported back to the stakeholders with the aim of providing indications, rather than predictions, of the performance of the business process.
den Hengst et al (2007) report on a study in which they investigated the cargo flows at a Dutch airport. Their approach is described as 'collaborative simulation' which combines discreteevent simulation with group support. The distinguishing feature of their approach was to run a series of group sessions over the life-cycle of the project to formulate the problem, validate the model, and demonstrate and present the findings from the model. The simulation itself was detailed, requiring four months to be developed. As a result, the model ran slowly and it could 6 not be used live in meetings. A cut-down version of the simulation was created for rapid simulation runs in meetings. Experimentation with the model was primarily used for generating understanding and insight, and not for optimising the process. den Hengst et al make the following observations regarding the future development of collaborative simulation:
• The design of the simulation model: the model has to be understood by non-experts, be a satisfactory representation of reality, be rapidly adaptable, and run in seconds.
• Data collection: the time to collect data could be reduced by using expert estimates generated in a collaborative workshop.
• Model building: the time required to build the model could be reduced by using reusable model components.
More recently, describe the PartiSim (Participative Simulation) framework for developing and using discrete-event simulations in healthcare. The framework consists of six stages: initiate the study, structure the situation of interest, specify the study objectives, develop the simulation model, experimentation and implementation. The novelty in the approach lies in the participative approach for the second, third, fifth and sixth stages of this process. This is achieved through four facilitated workshops. The first two of these workshops adopt an approach based on soft systems methodology. In a similar vein, Barjis (2011) proposes a collaborative, participative and interactive (CPI) modelling approach using simulation. He distinguishes these three terms defining collaboration as cross disciplinary working, participation as the involvement of users, and interaction as the tools that enable collaboration. Although an example of a CPI workshop is presented, the idea is a work-inprogress and as yet a simulation has not been used as part of the approach.
Beyond these studies, there appears to be very little written on facilitated modelling using discrete-event simulation. There are a number of studies that combine discrete-event simulation with problem structuring methods 1996; Lehaney et al, 1999; Kotiadis and Mingers; Kotiadis, 2007; Sachdeva et al, 2007) . Although these studies adopt a facilitated approach to the 'soft' aspects of the work (e.g. understanding the problem situation), they do not attempt to adopt a facilitated approach to the whole study, especially the simulation elements of the work. These studies could best be described as adopting a 7 multimethodology rather than a facilitated modelling approach (Mingers and Brocklesby, 1997 ).
It could be argued that all of the examples of simulation being used in facilitated mode described above meet at least some, if not all, of the assumptions of facilitated modelling described by Franco and Montibeller (2010) :
• Problems are socially constructed entities: in the PartiSim framework managers' subjective and differing perceptions of a problem are accommodated through soft systems methodology based workshops, with the aim of creating a joint problem definition.
• Subjectivity is inevitable: subjectivity is accounted for in collaborative model development (Adamides and Karacapilidis, 2006; ) and through facilitated workshops in which ideas for improvement are run through the model and the outcomes are interpreted by the group (Robinson, 2001 ).
• Clients want satisficing solutions:den Hengst et al (2007) run simulation experiments with a view to generating insight and understanding, and not for optimisation.
• Implementation is enhanced by participation in the study: a key motivation of the PartiSim framework is to improve the implementation of modelling studies in healthcare by managers participating in the studies.
What none of the examples achieve, however, is the key characteristic of facilitated modelling, namely, that the modeller works jointly with the client for the whole of the modelling intervention. Specifically, in none of these examples was the simulation model actually built while the client was present. This is primarily because of the time required to develop the model. Instead, the focus for the facilitated approach is on the use of the model once it is developed, i.e. facilitated use of the model as identified by Pidd and Robinson (2007) . In some instances facilitated workshops are used for defining the problem and the objectives of the study, for process mapping and for validating the model, but never for model building.
Facilitated Modelling using the SimLean Approach
Robinson et al (2012) discuss the common motivation of simulation modelling and lean, that is process improvement, and identify how simulation and lean might be used together. In doing so they develop the SimLean approach which distinguishes three ways in which discrete-event simulation can be used around lean improvement events. Before or during an event a simulation can be used to educate participants in key principles of lean relating to flow (SimLean Educate). Also during an improvement event, a simulation can be used to create a dynamic process map of the system under investigation and to debate potential changes to the system (SimLean Facilitate). Following an event, a detailed simulation can be used to accurately evaluate the improvement ideas that are generated (SimLean Evaluate). This third use for simulation is very much in line with Franco and Montibeller's (2010) expert mode, while SimLean Educate and Facilitate are closer to their facilitated modelling mode. The educational approach facilitates a generic discussion and learning around lean practices using a standard simulation model that is not specifically of the participants' system. A detailed description of SimLean Educate can be found in Burgess et al (2011) . SimLean Facilitate uses a simple model of the participants' system to facilitate a discussion that aims to engender a better understanding of the system and to identify potential improvements.
Our focus in this paper is on SimLean Facilitate as an example of facilitated modelling using discrete-event simulation. We do not specifically focus on the links between simulation and lean or the details of the other elements of the SimLean approach. These are discussed in detail in Robinson et al (2012) .
We now describe a case example in which we aimed to use simulation in a facilitated modelling mode. The case example involves a lean improvement event that took place in December 2010
at a large teaching hospital in the north west of England. For reasons of confidentiality we shall refer to it as Hospital Y. The SimLean team was invited to participate in the event and to use simulation in a facilitated mode to support the workshop.
The aims of the intervention were twofold: to generate understanding and discussion around the problem situation in order to help identify improvements (problem-solving); and to test SimLean Facilitate in a real decision-making context (research element). For the second aim we were particularly interested in identifying ways in which the SimLean Facilitate approach could be improved. The intervention was therefore conducted as an in-depth single case study (Yin, 1994) conducted as an action research intervention (Montibeller 2007) . Action research 9 was adopted in which the problem-solving element was addressed through simulation, in a facilitated mode, and the research element was carried out by observing the workshop and reflecting on the outcomes (McKay and Marshall, 2001; Montibeller, 2007) . In order to achieve this one researcher developed the simulation and used it in the workshop to facilitate a discussion around the problem situation. Meanwhile, two further researchers observed the workshop, making notes on the process and outcomes, but with minimal intervention in the workshop itself. At the end of the intervention the participants were asked to complete a brief evaluation which solicited their views on the use of simulation in the workshop. The combination of facilitation, observation and evaluation meant that there was triangulation and validity with the data collected (Yin, 2007) .
Below we describe the context of the case study, the running of the lean workshop over two days, the simulation model that was developed and how it was used in the workshop, and the outcomes of the facilitated modelling intervention. This description outlines the sequence and nature of the activities we performed for using simulation in a facilitated mode. Based on the findings from this action research intervention, section 4 reflects on the requirements for using simulation in a fully facilitated mode.
The Context
The focus of the lean improvement event was on the ophthalmology outpatients clinic.
Although the ophthalmology department performed well on national performance measures, there was a severe problem with patient waiting times. Patients often waited for lengthy periods in crowded waiting rooms.
A key problem was that clinics regularly started late, primarily due to the poor punctuality of the doctors. This meant that clinics persistently overran and as a result the nurses were forced to stay on and work overtime. Nurses are not paid for overtime, but have the option to take time-off in lieu. However, due to the problems with the clinics, the nurses were rarely able to take this time off for fear of exacerbating the problems further. It is not a surprise that the morale of the nursing and administrative staff in the department was very low and they felt there was little they could do to improve the situation.
The Lean Workshop
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The two day lean workshop was run by the lean improvement team at Hospital Y. It was split between two all day sessions on the Monday and Wednesday in the same week. The participants in the workshop were a Hospital Y Lean Facilitator, the Appointments Manager, the Receptionist, a Matron, two Nurses and the Ophthalmology Directorate Manager who was also Acting Assistant Director of Operations for Hospital Y (he was only able to attend for about 30 minutes on each of the two days). The SimLean team at the workshop consisted of a modeller (Worthington) who carried out the simulation work and two other researchers (Burgess and Robinson) whose role was to observe the workshop. It is notable that there were no doctors involved in the workshop, despite the fact that they had been invited. Their absence only helped to further damage the morale of the nurses and administrative staff at the beginning of the workshop.
Seven days before the workshop we held a set-up meeting with the Lean Facilitator and Ophthalmology Directorate Manager. This was an opportunity to learn more about the context and the requirements for the workshop and the use of SimLean Facilitate. It was also an opportunity for the staff at Hospital Y to learn about how the simulation would be used during the workshop. The outcome of this meeting was an outline programme for the two day lean event. The activities performed during the two days of the workshop are now described.
Workshop Day 1
The first day started with an overview of the issues faced by the staff with the current process.
This was followed by a brief introduction to simulation through SimLean Educate (Burgess et al, 2011; Robinson et al, 2012) . A standard model of a theatres process was used to demonstrate how a simulation works and to show how the model could help understand and improve the flow of patients through a hospital process. Although SimLean Educate is normally used to teach key lean lessons on how to improve flow, this was not the aim on this occasion; largely for reasons of time.
The next step was to go to see and experience the process; referred to in lean terminology as going to the 'Gemba'. Each participant in the workshop, including the SimLean team, went to the ophthalmology department and individually followed a patient through the clinic. This proved very instructive in understanding the patients' experience of the clinic. Table 1 outlines the experience of one of the patients. Albeit one of the worst examples that was observed on the day, with over two hours of waiting time, our understanding is that this level of waiting was not particularly unusual. 19.5 *At 11.50 a nurse announces to the packed waiting room that there is 1.5 hour delay on clinic times. It later transpires that the doctor had arrived 1.5 hours late for the clinic.
Following lunch, the workshop participants discussed their findings and then moved onto mapping the process. Because of their limited experience with process mapping the final process map, as shown in figure 1, was primarily drawn by the Lean Facilitator. This did not help to develop a sense of ownership of the map, but seemed necessary to get the process map completed. Once the map was drawn the participants were asked to estimate the minimum, modal and maximum times for each of the key activities, including the time spent in queues.
The values are shown above and below the boxes in figure 1. The activity times were used as data inputs to the simulation model. It was clear, however, that these values did not match those experienced by the patients that were followed earlier in the day. In particular, the maximum values underestimated the queuing time experienced by patients such as the one in table 1. When challenged, the participants' response was that the clinic was understaffed and that nurses were distracted with triage and answering phones. On the other hand, they also felt that this was not abnormal.
Figure 1 Process Map for the Ophthalmology Clinic
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Further discussion ensued around the variety in patient pathways, which was less diverse than the staff initially believed, and the way in which appointments were set-up for the patients. At this point the workshop ended for the day.
The Simulation Model
On the Tuesday between the two workshop sessions the simulation model was developed using the SIMUL8 software (www.simul8.com accessed May 2012). The total time for building the model was in the region of 4-5 hours. The model, shown in figure 2, represents the process flow as set-out on the process map created during the first day of the workshop. The simulation display was designed in a slightly different fashion to the process map in order to highlight the extent to which patients have to wait. This was achieved by displaying all the queues in two waiting areas, and so replicating the two waiting areas in the real process.
Figure 2 Simulation Model of the Hospital Y Ophthalmology Clinic
The simulation shows the five main groups of patient types that attend the clinic. On arrival they report at reception and then wait for a vision test. Following the vision test, the patient then waits for further tests, treatments or consultations, before leaving the clinic. The detail in the model is limited. The patient type is tracked through the model, with this impacting on the route the patients take through the tests, treatments and consultations. There is some use of percentage splits to route patients through the model. For instance, ten percent of patients go to receive eye drops after the visual field tests. These percentages were derived either from appointment data or from the expert opinion of the workshop participants.
Arrivals are modelled as appointments with a specified number of patients of each type arriving at pre-specified times. All activity times are sampled using a triangular distribution based on the estimated times on the process map (figure 1). Because of inaccuracies in the estimated data, these timings had to be adjusted to generate representative behaviour in the model. This might be referred to as 'model calibration' (Robinson, 2001) or even 'data fudging'.
The key reports generated by the model were the distribution and mean of the time in system, by patient type, and the number of patients in the waiting rooms over time. Both outputs are generated automatically by the simulation software. 
Workshop Day 2
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The second day of the workshop started with a recap of the first day. At this point it was very evident that the participants felt there was little they could do to improve the situation and that without the doctors engaging with the improvement process, there was no scope for improvement; after all, the participants believed that the problem solely centred around the doctors' tardiness in arriving for the clinics. It was at this point that the simulation model was introduced, projected through a large television screen. Immediately the researchers observed a change in the participants' body language, they sat forward, took an interest and engaged in the discussion.
The discussion around the model then went through four phases, each taking roughly 30 minutes, as follows.
Model Understanding: what is the model doing?
The model was briefly explained to the participants and the simulation run with the animation at a speed where the movement and queuing of patients could easily be seen. The participants then proceeded to ask a series of more detailed questions which centred on understanding the workings of simulation generally and of the ophthalmology clinic simulation in particular.
Face Validation: does this look like what happens in the ophthalmology clinic?
The participants then moved on to thinking about whether what they were observing in the simulation model was similar to what happens in the actual clinic. This was not a detailed validation of the model in which white-box and black-box validation were carried out (Robinson, 2004) . Instead, it focussed on the animation and watching the flow of patients and the build-up of queues; a form of face validation (Sargent, 2011; Law, 2007) . There was a general sense that the simulation looked reasonable with participants noting that the queues looked quite similar to those they experienced on a day-to-day basis.
Problem Scoping: what is causing the problems in the ophthalmology clinic?
In this phase the discussion largely moved away from the simulation itself and started to focus on the specific problems they were encountering. Rather than disengaging because the problems were 'the doctors' fault', the participants engaged in a discussion around what were the other causes of the problems they were encountering. During this phase it was clear that the simulation had acted as a catalyst for the discussion. Seeing, for the first time, a helicopter view of their process working enabled them to identify issues that had previously remained hidden because they are normally involved in the detail of only their part of the process. One particularly powerful learning point was that they moved away from the belief that every patient's requirements was so unique that they had to be treated in a completely different way to any other patient, and that they did not know what a patient would require until they arrived.
Following the simulation, they could now see that many patients followed common pathways through the ophthalmology clinic, opening up the potential to actively manage patient flow, a view that had previously been dismissed Improvement: what could we do about it? The participants then started to think about how they could improve upon the current situation. They accepted that they could not alter the doctors' behaviour directly, but they realised they could take action to reduce patient waiting and in so doing to make their working life more comfortable. They also recognised that if they improved the elements of the patient experience over which they had control, this might put pressure on the doctors to alter their behaviours.
The key idea that emerged from this discussion was to perform two eye tests (the vision test and the visual field test) at the same time rather than to split them across two consultations, with patients waiting between them. This might make a significant difference as all orthoptist patients and 20 percent of all other patients required both tests. This change would reduce overall waiting by effectively removing one process step for these patients. During the lunch break the Matron and the Lean Facilitator went back to the department to investigate whether it might be possible to reconfigure the room where the visual fields tests are performed so that both tests could be carried out in the same room. They measured the room and concluded that this was possible.
Also, during the lunch break, we were able to change the model to reflect the proposed combining of the eye tests (figure 3). The model indicated that the time patients would wait for these procedures would be reduced by around ten percent as a result of this change. Given the nature of the model, this could only be taken as an indicative change and not as an accurate result. It did, however, provide the participants with further confidence that the proposed change would be effective.
Figure 3 Simulation Model of the Revised Hospital Y Ophthalmology Clinic
16
The other result of the combined eye testing was that the queue for the doctors would increase because of the improved flow of patients through the eye tests. This was seen favourably as it would potentially put pressure on the doctors to start their clinics on time. In the longer term this would be necessary to improve the performance of the whole system, delivering a better experience for patients and staff.
The workshop concluded with a final briefing with the Ophthalmology Directorate Manager at which it was agreed that the recommendation to combine the eye tests would be put forward for implementation. It was also agreed to mitigate the shortage of nursing staff by investigating the option of training nurses from other departments to work in the ophthalmology clinic.
The Outcome
The first aim of this intervention was to generate understanding and discussion around the problem situation in order to help identify improvements (problem-solving). It is clear that the immediate impact of using the simulation model in the workshop was to engage the participants in a meaningful discussion about the problems they were encountering and possible ways that they could improve the situation. Before the simulation was presented, the workshop participants were more focussed on who else could be blamed for the problems, which In the post workshop evaluation all the participants stated that they found the simulation interesting. The Appointments Manager stated that '... it worked really well, it was good seeing the patient flow.' They also found the dynamic simulation more useful than the static process map: 'we talked a lot more about the model than about the map on day 1.' When asked whether the simulation had helped identify changes to the process there was a general consensus that it had: 'yes demonstrated options' (Matron) and 'definitely helps see the bigger picture' (Nurse).
The simulation was seen to have had a high impact on the discussion because 'it got me thinking about the process and challenging it.'
Following implementation of the change to the eye test, the ophthalmology clinic actually saw a 15% reduction in total patient waiting times. As a result, staff were interrupted less by patients who are stressed by excessive waiting times and doctors were no longer able to blame nurses for not having patients ready for their consultation. As such, the intervention not only identified a potential improvement to the ophthalmology clinic, it also led to an actual improvement once the change was implemented.
It is apparent that using a simulation for the problem-solving element of the intervention was a success. This in itself is not a surprising outcome as simulation has been used to help successfully intervene in problem situations for many decades. The outcome is of more interest because, given the time and data that were available, it was not possible to develop a simulation that modelled the full detail of the situation or that generated accurate results . Rather than seeing this as a failure of the intervention, it was in fact the basis of the intervention's success.
Indeed, it was the willingness to rapidly generate a very simplified model that made the use of simulation in the workshop possible. The success of this study lends support to Roy's argument for a decision-aid science rather than a decision science (Roy, 1993) . The latter is founded on models with a high level of fidelity ('realism'), while the former seeks to use models to 'enlighten and scientifically accompany decision-making processes. ' Phillips (1984) describes such models as 'requisite', that is models 'whose form and content are sufficient to solve a particular problem.'
As with any action research we must be careful not to claim that our findings are applicable to all situations. What we have demonstrated is that a simple simulation model used in a facilitated workshop can generate understanding and discussion around a problem situation and lead to a real improvement. However, from a single case we cannot determine the specific characteristics of the problem situation, the workshop or the simulation model that might make a facilitated approach viable and successful. Certainly, we do not expect facilitated modelling with simulation to be appropriate for all contexts.
The second aim of this research was to test SimLean Facilitate in a real decision-making context and to identify ways to improve the approach. This is discussed in the next section by reflecting on our experience with SimLean Facilitate at Hospital Y and discussing whether facilitated modelling with discrete-event simulation is really possible.
Discussion: Is Facilitated Modelling with Discrete-Event Simulation Really Possible?
Following our experience with the workshop at Hospital Y we now discuss whether this work truly presents an example of facilitated modelling with simulation. We also discuss the requirements for rapid simulation modelling and for moving to a fully facilitated mode of modelling with discrete-event simulation. Figure 4 outlines the key phases of a simulation study, as described by Robinson (2004) . It shows four key activities: conceptual modelling, model coding, experimentation and implementation. These are carried out iteratively throughout the life-cycle of a simulation study; hence the double arrows between each activity. Meanwhile, data collection and analysis, and verification and validation are performed continuously during the study as part of each of the four activities listed above.
To What Extent is the Hospital Y Study an Example of Facilitated Modelling?
Figure 4 Comparison of Expert, Facilitated and 'Pseudo-Facilitated' Mode of Modelling
On the right of figure 4 the level of client involvement during each activity is shown. In the traditional expert mode for simulation, client involvement is at a medium level during conceptual modelling where they are involved in regular meetings to help define the nature of the problem and the model. They have almost no involvement in model coding, except to occasionally see the model during its development and to comment on its apparent validity.
Client involvement in experimentation is higher than this, but again it is limited to meetings at which results are presented and further simulation runs are defined; the simulation runs themselves are performed by the modeller away from the client. Because the clients typically take sole responsibility for the implementation of the findings from the study, their involvement in this activity is identified as high in figure 4.
In contrast, Franco and Montibeller's (2010) There is, therefore, a significant gap between traditional simulation practice and facilitated modelling, shown as the expert to facilitated mode gap in figure 4. Reflecting on the Hospital Y study, we might identify the level of client involvement as being somewhere between these two extremes. Client involvement was much higher than in expert mode during conceptual modelling, primarily because the clients defined the process map which formed the basis of the simulation. There is little or no increase in client involvement in the model coding activity which was still carried out away from the workshop participants, although they were involved in the validation of the model. With the exception of some preliminary runs, the majority of the experimentation with the model was carried out during the second day of the workshop with the clients present. Implementation was again the responsibility of the client. So the pattern that emerges is one of near full facilitated mode in three of the four simulation activities, but the expert mode was still employed for model coding.
Hence, we describe this as 'pseudo-facilitated' mode and highlight the gap between pseudofacilitated modelling and facilitated mode.
An investigation of the previous examples of facilitated modelling with simulation described in section 2 shows a very similar pattern; for instance, the studies of the user support help desk (Robinson, 2001 ) and the cargo flows at a Dutch airport (den Hengst et al, 2007) . Most involve some form of collaborative or participative approach to conceptual modelling and experimentation. None involve the client in the model coding. As such, none of these examples, or our experience, can be described as fully facilitated modelling. The findings of this research, therefore, continue to illustrate the challenges of a fully facilitated use of simulation.
Requirements for Rapid Simulation Modelling
Where the Hospital Y study differs from previous pseudo-facilitated modelling studies with simulation is in the speed with which the simulation was developed. We would argue that providing a working model within two days of specifying that model (through a process map), increases the sense of engagement with, and ownership of, the model. It also reduces the cost of modelling and enables simulation to be part of rapid improvement activities such as a lean improvement workshop. In the case of the Hospital Y study we benefitted from having a day between the two workshop sessions in which we developed the simulation model. However, the actual time required to develop the model meant that we could have developed it in the 21 evening between two consecutive workshop days if necessary; although this would have placed quite some pressure on the modeller.
In this case, rapid modelling was achieved by creating a very simplified model. The detailed complexity of the model was deliberately kept to a minimum. Based on our experience, table 2 outlines the detailed complexity we would recommend for the context of our study, that is, lean improvement in health services. These requirements would need to be adapted depending on the context of the facilitated modelling work. It is very easy to identify details that could be added to those in table 2. These will almost certainly be identified as a means of generating a more accurate model. However, each additional level of complexity requires further data and further modelling time. By adding such details it is quite easy to negate the aim of developing the model rapidly. As such, the desire for 'model detail creep' should be resisted. This is challenging given that the mind-set of modellers and clients is generally to ensure robust levels of accuracy.
What is Required to Move to Fully Facilitated Modelling with Discrete-Event
Simulation?
The discussion above demonstrates that fully facilitated modelling with discrete-event simulation has yet to be achieved. Whilst conceptual modelling, experimentation and implementation can all be carried out with the client fully involved, model coding still presents more of a challenge. If the challenge of model coding with client involvement cannot be met, then our conclusion is that fully facilitated modelling with discrete-event simulation is not, and never will be, possible.
In section 2 we see that den Hengst et al (2007) The third recommendation of den Hengst et al is that the time required to build the model should be reduced by using reusable model components. This is suggesting a technical solution to the problem of the time required to build a model. We would offer an alternative solution which is to build a much simpler model. Note that den Hengst et al also resorted to this approach after having developed a very detailed model.
The benefits of simple models have long been discussed by authors such as Innis and Rexstad (1983), Ward, (1989) , Salt (1993) , Chwif et al (2000) , Lucas and McGunnigle (2003) , and Thomas and Charpentier (2005) . Their key benefits are that they can be developed faster, are more flexible, require less data, run faster and the results are easier to interpret since the structure of the model is better understood. The disadvantage is that they are in most cases less accurate.
Because of their lower level of fidelity, the use of simple models requires a change in worldview regarding the purpose of the model. Discrete-event simulation modellers are typically engrained in an expert mode of modelling. This requires that detailed and accurate models are developed for a scientifically rigorous analysis to proceed that will identify good solutions. Since simple models normally provide only rough approximations to the real world, they are rarely suited to the expert mode. To move to a facilitated mode, the modeller needs to be comfortable with a worldview in which the simulation focuses on facilitating understanding and debate within a group, with a view to identifying improvements, and not on generating predictions of system performance. A key issue is whether discrete-event simulation modellers are willing and able to change to this worldview. The basis for achieving this might be training programmes in simulation (and operational research more generally) that do not only discuss the technical requirements for simulation modelling and analysis, but also the methodological elements. In particular, training in the motivation and approaches of problem structuring methods could help change mindsets towards a more facilitated approach.
Just creating simple models, however, is not sufficient to move to a fully facilitated mode of modelling with simulation. As demonstrated by the Hospital Y example, the model was still developed without involvement from the client. How could the client actually be involved in generating the model code? For this, we do offer a technical solution. Given that we propose a very limited and tight definition of what can and cannot be modelled in a specific context, the process map could be directly populated with the data and rules required to generate the simulation model. If the process map is generated in electronic form, rather than using pen and paper, then workshop participants could be involved in entering the data and rules. The process map, data and rules could then be converted into a simulation at the touch of a button. This approach could be further enhanced if the process map could be generated in a workshop using software that supports group facilitated process mapping, entry of data and rules, and generation of a simulation model. This would provide a seamless environment for specifying, generating and running the simulation model. Facilities for each of these elements already exist, for instance, collaborative process mapping (Adamides and Karacapilidis, 2006 ) and many simulation software tools link with process mapping software (e.g. Microsoft Visio).
However, we do not know of a tool that fully supports all elements of this process.
Conclusion
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Facilitated modelling with discrete-event simulation opens a real opportunity for simulations to engage clients in a workshop environment leading to genuine improvements in the real world. The operational research literature demonstrates how powerful facilitated modelling can be, especially in situations where the problem is ill-defined and messy, there is subjectivity, improvements only need to be satisficing, and implementation will be enhanced by the participation of the clients in the study. The animated display of a discrete-event simulation model creates real potential for engaging clients, but the need for detailed complexity in the simulation model is a significant barrier to full facilitated modelling (building the model with the client).
We argue that the primary solution to this problem is not a technical one, but one of changing the worldview of discrete-event simulation modellers. To move away from solely building detailed and hopefully accurate models, to developing simple, less accurate, models for facilitating understanding and debate, and for identifying improvements.
Further work is required to enable a full facilitated modelling approach with simulation. In particular, for the context in which we have worked (lean improvement workshops in a hospital setting) we suggest that integrated software is required that will support group process mapping, data and rule entry, and simulation model generation. We also need to see methodological developments in terms of how best to facilitate a workshop-based modelling session with simulation. What is the right level of model detail? What steps does a facilitator need to follow? What is the best balance in the discussion between the nature of the simulation and the nature of the problem? How much does the process need to be adapted if the discussion is around a planned system rather than on improving a system that already exists? What if the generated simulation is clearly wrong? Can it still be used for generating understanding and debate about the real system? Or should there be an iterative process of improving the model?
These questions provide potential for a rich vein of future research into facilitated modelling with discrete-event simulation.
The way forward may be very similar to that experienced by the field of system dynamics in group model building over the last 20 or more years (Andersen et al, 2007) . Presently, in discrete-event simulation, we are very little further forward than a concept with a handful of case examples that demonstrate its potential. To develop a facilitated modelling approach 25 further we need to see two parallel streams of work. First we need to perform further case examples in which discrete-event simulation is used in a facilitated mode. Then, based upon the learning gained from these cases and other facilitated modelling fields, we need to develop the methodology of a facilitated mode for simulation.
